Abstract. Preparation of nanocomposites by in situ polymerization of sodium chloroacetylaminohexanoate in the presence of Cloisite 20A (C20A) or Cloisite 30B (C30B) organo-modified montmorillonites was studied. Both clays rendered an intercalated structure that contrasts with the exfoliated structure previously found with the use of the C25A montmorillonite. Polymerization under non-isothermal and isothermal conditions was evaluated by Wide Angle X-ray Diffraction (WAXD) synchrotron radiation and Fourier Transform Infrared Spectroscopy (FTIR) experiments. Results indicate that C20A and C30B had a similar influence on the polymerization kinetics. Thus, the activation energy and the Arrhenius preexponential factor decreased compared to those calculated for the neat monomer. Clear differences were also found when using the C25A clay since, in this case, polymerization had similar activation energy to that determined for the neat monomer. The crystallization kinetics of the intercalated C20A and C30B nanocomposites was studied by FTIR and optical microscopy. The incorporation of clay particles increased the overall rate kinetic constant due to the enhancement of the primary nucleation. On the contrary, the spherulitic growth rate was slightly disfavored by the clay.
Introduction
The preparation of new polymer nanocomposites is a promising topic since material properties can be enhanced and their range of applications extended by using molecular or nanoscale reinforcements rather than conventional fillers [1] [2] [3] [4] [5] . Since the first works performed with nylon 6 [6, 7] , several polymer based systems and preparation methodologies such as melt-mixing, solution intercalation and in situ polymerization have been developed. Results clearly demonstrate that properties of the neat polymer like water-absorption rate, thermal-expansion coefficients, Young modulus, thermal stability and gas barrier effect can be improved by the incorporation of a small amount of clay, and also that the crystallization kinetics can be affected. Layered silicate particles are especially interesting for nanocomposite preparation as they may be dispersed into individual layers with a thickness close to 1 nm to tune surface interactions with the polymer/monomer through exchange reactions with organic and inorganic cations [8] . The final structure of the composite depends on the extent to which the organic matrix and inorganic clay components are made compatible [9] , and varies from an intercalated to a fully exfoliated nanostructure, which has an obvious impact on the final properties. Despite extensive research, the influence of nano -composite structure on nucleation and crystal growth rate is not entirely clear in view of the conflicting results reported in some cases [10] [11] [12] [13] [14] . Aliphatic poly(ester amide)s constitute a promising family of materials since the presence of hydrolyzable ester groups may enhance degradability, and the establishment of intermolecular hydrogen bonding interactions between amide groups may provide suitable thermal and mechanical properties for most applications [15] [16] [17] [18] [19] . Furthermore, several monomers and synthetic routes have been developed to obtain materials with variable composition and chemical microstructure, which can consequently meet numerous requirements. The alternating poly(ester amide) derived from glycolic acid and 6-aminohexanoic acid (poly(glc-alt-amh)) has recently received attention for two main reasons: a) The simple synthesis procedure based on only two reaction steps ( Figure 1a) , and b) A composition based on the main units of biodegradable polyesters (glycolic acid) and aliphatic polyamides (6-aminohexanoic acid). Poly(glc-alt-amh)) is obtained by a thermal polycondensation reaction based on the formation of a metal halide salt as the driving force of the condensation reaction [20, 21] , which seems an appropriate procedure to prepare nanocomposites by in situ polymerization. This is a highly attractive technique due to its versatility and compatibility with various reactive monomers, making it a valuable process for commercial applications [22, 23] . Several examples in the literature concern the preparation of polystyrene [24] , polycaprolactone [25] and nylon 6 [26] nanocomposites. The in situ polymerization technique was effective and rendered practically exfoliated nanocomposites of poly(glc-alt-amh) and the Cloisite 25A (C25A) organo-modified montmorillonite [27] . Typical calorimetric techniques were not suitable for proper evaluation of the polymerization kinetics at temperatures lower than 145ºC due to the overlapping of the exothermic polymerization peak with an endothermic peak associated with polymer crystallization. Thus, Fourier Transform Infrared Spectroscopy (FTIR) was a basic tool to compare and study the influence of clay particles on the polymerization kinetics. Nanocomposites prepared by the above in situ polymerization and the melt mixing technique gave rise to two different structures (i.e. exfoliated and intercalated) that clearly influenced the crystallization kinetics [27, 28] . The main purpose of the present work is to determine the effect of montmorillonites based on two different surfactants (Closites 30B and 20A) on in situ polymerization and to study the crystallization kinetics of the derived nanocomposites. The polymerization kinetics is evaluated through real-time synchrotron and FTIR experiments whereas the crystallization kinetics is studied through FTIR to obtain the overall crystallization rate and optical microscopy measurements to determine the nucleation and crystal growth rates.
Experimental section 2.1. Materials
The monomer, sodium chloroacetylaminohexanoate, was synthesized following a previously reported method [20, 21] . All reagents and solvents were purchased from Aldrich Chemical Company, (Milwaukee, WI, USA) and used as received. Polymerization was based on a thermal polycondensation which rendered sodium chloride as a byproduct (Figure 1a ) [20, 21] . The nanocomposites were based on two organomodified layered phyllosilicates: methyl tallow bis(2-hydroxyethyl) ammonium montmorillonite (Closite 30B, Southern Clay Products, MT2EH, Gonzales, Texas, USA) and dimethyl dihydrogenated-tallow ammonium montmorillonite (Closite 20A, Southern Clay Products, 2MH2HT, Gonzales, Texas, USA). Results are also compared with those previously obtained with Closite 25 A (Southern Clay Products, 2MHTEX, Gonzales, Texas, USA) [27] . The chemical structure of all employed montmorillonite surfactants is shown in Figure 1b. 
Preparation of nanocomposites
For both nanocomposite preparations, 10 mg of monomer was dissolved in 10 ml of water, and separately, the appropriate clay was dispersed in water (< 0.1 wt%). The monomer solution and clay dispersion were stirred for two hours, and then mixed and liophilized. The ratio of the solution and dispersion was conveniently adjusted to obtain a clay content of 3 wt% in the final solid. Polymerization was carried out by heating the monomer/clay mixture to 160ºC. A white solid was recovered and extensively washed with water, methanol and acetone. This procedure was similar to that performed with Cloisite 25A. For comparison purposes, polymerization without organoclay was also performed and the final sample purified as above. No significant differences were found between the molecular weights of the neat poly(ester amide), the two new prepared nanocomposites and that derived from C25A. Thus, weight average molecular weight (M w ) and number average molecular weight (M n ) were always in the 14 000-17 000 and 37 000-43 000 ranges, respectively, according to Gel Permeation Chromatography (GPC) measurements using 1,1,1,3,3,3-hexafluoroisopropanol as the solvent and poly(methyl methacrylate) standards.
Measurements
Interlayer spacing of the clay was studied by Wide Angle X-ray Diffraction (WAXD) using a Siemens D-500 diffractometer (Karlsruhe, Germany) with Cu K ! radiation (! = 0.1542 nm 3. Results and discussion 3.1. Dispersion structure of C20A and C30B clays in the poly(glc-alt-amh) composites C20A and C30B organo-modified clays were easily mixed with the sodium salt of N-chloroacetyl-6-aminohexanoic acid before performing thermal polycondensation at a temperature close to 160ºC. The final nanostructures were analyzed by X-ray diffraction and transmission electron microscopy. Evidence of intercalation of polymer chains into the silicate galleries can be obtained from diffraction patterns in the range of 2" = 1-10º, when the characteristic silicate diffraction peaks appear at larger spacings than neat clay ones. Similarly, the absence of these peaks may suggest an exfoliated structure. Direct TEM morphological observation is always advisable to corroborate diffraction data although TEM images show a local distribution that also depends on how the sample was previously cut. Direct observation of the morphology and phase distribution of ultrathin sections of poly(glc-altamh)/C20A specimens by transmission electron microscopy clearly showed that an intercalated structure was predominant (Figure 2a ). X-ray diffraction profiles of the nanocomposite sample also revealed the existence of a low angle reflection associated with the stacking of silicate layers. The measured spacing was close to 3.58 nm, a higher value than that observed in the profile of C20A clay (2.52 nm). Thus, polymer chains in the nanocomposite sample were intercalated in the galleries of the dispersed clay and increased the interlayer spacing. The poly(glc-alt-amh)/C30B nanocomposite showed that the 001 peak was significantly reduced and also shifted to a larger spacing (from 1.80 to 2.89 nm). A certain ratio of an exfoliated structure after polymerization seems to be produced. However, it should be noticed that this feature is only supported by the great decrease of the silicate reflection and a certain loose of the layer stacking order as shown in the electron micrograph of Figure 2b . Despite the final structure could be considered intercalated, a less regular layer disposition than poly(glc-alt-amh)/C20A samples was found. Similar observations performed with Cloisite 25A indicated a well distinguished exfoliated structure from both X-ray and TEM observations. Thus, it became interesting to progress in polymerization and crystallization kinetics of new mixtures to get an insight into the effect of nanocomposite structure. It is clear from the given experiments that monomer salts would be intercalated into the silicate galleries due to the good interactions with the cationic surfactants. Polycondensation reaction depends basically on the closeness between reactive groups (from monomer salts or the growing polymer chains) and should take place independently of the presence of quaternary ammonium cations of the organomodifier. However, the surfactant is important since influences the spacing between silicate layers (i.e. the available space for polymer chains to growth inside the silicate galleries) and also on the interactions with the growing polymer. Cloisite 20B has the largest interlayer spacing and consequently the disruption of the layer stacking to render an exfoliated nanocomposite structure may be more difficult. Experimental results suggest that the expected good interactions between the carbonyl groups of the monomer/polymer and the two hydroxyl groups of the organo-modifier may still keep a close to intercalated nanocomposite structure despite the decrease on the silicate spacing. This feature cannot be considered when Closite C25A was employed and the structure of the nanocomposite became clearly exfoliated.
3.2.
Non-isothermal polymerization of the sodium salt of N-chloroacetyl-6-aminohexanoic acid with C20A and C30B organo-modified clays Synchrotron experiments were performed to compare the non-isothermal polymerizations of the monomer mixtures with each of the considered clays. The diffraction profiles initially showed the characteristic Bragg reflections of the monomer, which were most intense at values of the scattering vector, q = (4#/!)·sin", in the 14-17 nm -1 range (Figure 3) . At a temperature close to 130ºC the monomer underwent a structural change, as evidenced by the variation in intensities and spacings of the main reflections ( Figure 4) . Note that the intensities of reflections close to 15.4 and 15.7 nm -1 increased and slightly decreased, respectively. The intensity increase is relevant since the occurrence of polycondensation reactions should lead to the destruction of the monomer crystal structure, and consequently to a gradual disappearance of all corresponding reflections. At temperatures higher than 150ºC, the X-ray diffraction profiles showed the appearance of two peaks at q~19 and 22 nm -1 of gradually increasing intensity ( Figure 3 ). These, which could be indexed as the (100) and (110) reflections of the NaCl structure (~0.326 and 0.282 nm, respectively), demonstrated the occurrence of the polycondensation reaction. Note that a delay between polymerization and formation of the inorganic salt crystal may occur since ions must move towards the growing crystal. The evolution of NaCl peak intensities is useful to follow the polymerization process and even to demonstrate that polycondensation started in the solid state. It is worth pointing out that reflections related to the monomer structure were still visible when NaCl peaks developed. Logically these reflections became weaker when NaCl peaks started to increase and disappeared completely before these peaks reached maximum intensity. Diffraction profiles clearly revealed that the polymer was not able to crystallize under the assayed non-isothermal conditions since some of its characteristic reflections [29] were not detected. The polymer structure is defined by an orthorhombic unit cell having a = 0.477 nm, b = 0.873 nm and c = Figure 5 plots the area of the (100) NaCl peak versus temperature for the two studied polymerizations. A similar evolution was observed but, remarkably, some differences were detected, indicating that clay type has some influence on the polymerization kinetics. Specifically, the polymerization induction time was shorter when C20A clay was employed (i.e. the peak started to develop at temperatures of 110 and 140ºC for C20A and C30B, Figure 4 . Representative WAXD profiles taken during a non-isothermal heating run (20ºC/min) performed with the monomer / C20A mixture and plotted in the q range where the main monomer reflections appeared (14-17.5 nm -1 ). The selected temperatures correspond to the sample before (e.g. 83ºC) and after (e.g. 135ºC) occurrence of the monomer polymorphic transition, after being partially polymerized (e.g. 140, 157 and 184ºC) and at the end of the polycondensation reaction (e.g. 200ºC). In the last case only the amorphous halo and a small peak (see arrow) attributed to the clay could be observed. For the sake of completeness, the profile corresponding to a melt crystallized polymer sample taken at 140ºC is also shown (red curve). . WAXD profiles taken during the non-isothermal crystallization performed at a cooling rate of 20ºC/min and after non-isothermal polymerization of the momomer/C20A mixture at a heating rate of 20ºC/min. Insets show a magnification of the Bragg reflections corresponding to the poly (glc-alt-amh) structure respectively) whereas the reaction proceeded more rapidly when C30B was used (i.e. the peak developed in the 140-193 and 110-196ºC ranges for C20A and C30B, respectively). X-ray diffraction patterns taken during a subsequent cooling run (e.g. Figure 6 ) revealed that polymerizations were successful since the mentioned characteristic diffraction peaks of poly(glc-alt-amh) [29] appeared and progressively increased in intensity. Logically, the intensity of NaCl peaks remained constant during the cooling run.
Isothermal kinetic analysis of in situ
polymerization of C20A and C30B clay mixtures with N-chloroacetyl-6-aminohexanoic acid The occurrence of the above monomer polymorphic transition and polymer crystallization should have endothermic/exothermic effects that make it impossible to evaluate the isothermal polymerization kinetics by DSC experiments. Note that these should only measure the exothermic enthalpy associated with the polycondensation reaction, which, in the studied case, is not possible due to the overlapping with the above processes. Thus, FTIR spectroscopy seems an ideal alternative technique given that the polymerization rate can be determined from the absorbance evolution of the new bonds that are formed. The main changes in the FTIR spectra occurring during polymerization correspond to the appearance of a C=O absorption band at 1742 cm -1 , which is associated with the ester bond formed during polycondensation and a change in the wavenumber of the amide I absorption band ( Figure 7 ). The latter should be found in both monomer and polymer samples but the different intermolecular hydrogen bond interactions should lead to a variation in the peak position and corresponding intensity. Absorbance measurements of the above peaks during isothermal polymerizations were used (Equation (1)) to evaluate the relative conversion degree, $( t ), for a given reaction time, t: where A t is the absorbance at time t, and A $ and A 0 are, respectively, the final and initial absorbances. Figure 8a compares the time evolution of the bands at 1742 and 1654 cm -1 for polymerizations carried out at different temperatures and in the presence of the C20A clay. For a given clay the evolution of the two bands is quite similar although slight differences were found when polymerization was performed at higher temperatures (i.e. at higher polymerization rates). As will be explained, the addition of clay particles and even their nature had an influence on the polymerization kinetics. The 1742 cm -1 band was selected to perform a polymerization kinetic analysis since it seemed capable of rendering the most accurate data since it is not overlapped with other bands. The Avrami model was considered to examine the polymerization kinetics as it was previously applied for in situ polymerization using C25A clay and other similar systems [21, 27, 30] . This is a rough approximation that makes unnecessary a detailed study of the kinetic model but can provide useful values for comparison purposes. Conversion was then calculated by Equation (2): (2) where Z and n are the corresponding Avrami parameters and t 0 the time at which polymerization starts. Plots of log[ -ln(1 -%$(t))] versus logt at different reaction temperatures gave straight lines with slopes corresponding to the Avrami exponent, n, and their intercepts at the origin to logZ (e.g. Figure 8b for polymerizations carried outwith C20A). Moreover, a kinetic constant (k) with units independent of the Avrami exponent was calculated from Z 1/n . These parameters are summarized in Table 1 for the two studied systems and the four assayed temperatures, together with the reciprocal of half conversion times (% 1/2 ). Note that these times could be easily estimated from the conversion curves, and consequently without assuming a specific kinetic model. As expected, the kinetic constant increased with the polymerization temperature and evolved similarly to the reciprocal of the half polymerization time, 1/% 1/2 , as shown in Figure 9a for the polymerization with C20A. This good agreement is relevant since the Avrami analysis results are corroborated by direct experimental measurements such as half polymerization times. For comparative purposes, Table 1 also includes previous data on the polymerization of the neat monomer and its mixture with C25A (3 wt%) [27] . It is clear that the overall rate kinetic constant of these two samples increased drastically with increasing temperature whereas a moderate change was observed for polymerizations carried out with C20A and C30B. In this way, the neat monomer had a lower and higher polymerization rate than the C20A and C30B mixtures at 110 and 140ºC, respectively. The influence of temperature on the conversion degree is shown in Figure 9b , where simulated curves from Avrami parameters are plotted for all samples at the intermediate temperatures of 130 and 120ºC. It is worth pointing out that the neat monomer has the fastest conversion at 130ºC but its polymerization rate becomes comparable with that found for the C20A and C30B mixtures when the temperature decreased to 120ºC. Comparison data clearly demonstrated that clay particles influenced the polymerization rate and that the effect of clays that rendered a predominant intercalated structure (C20A and C30B) and C25A clay, which gave rise to an exfoliated structure, was different. The polymerization activation energies of the mixtures between the neat monomer and C20A and C30B clays were derived by assuming an Arrhenius-type temperature dependence of the kinetic constant (Equation (3)), where E, A and R are the activation energy, the preexponential frequency factor and the universal gas constant, respectively:
Plots of lnk versus 1/T (Figure 10 ) allowed activation energies of 49.4 and 59.8 kJ/mol to be deduced for in situ polymerization of C20A and C30B mixtures, respectively. These energies were practically identical, but differed significantly from the value previously deduced for the neat monomer (101.0 kJ/mol) and even for its C25A mixture (99.3 kJ/mol), which gave rise to an exfoliated structure [27] . In this way, the activation energy clearly decreased when in situ polymerization rendered an intercalated structure. The preexponential frequency factor was also lower for the nanocomposites than for the neat monomer (3.28·10 12 min -1 ), indicating that chain mobility was restricted by the incorporation of clay particles. Both C20A and C30B clays led to frequency factors of a similar magnitude order (1.4·10 5 and 3.4·10 6 min -1 , respectively), but significantly lower than that found for the C25A mixture (4.77·10 11 min -1 ). The polymerization kinetics of monomer/C20A and monomer/C30B mixtures was enhanced at low temperatures due to their low activation energy, which compensated for the decrease caused by their low frequency factor. On the contrary, this factor was determinant at high temperatures, where the corresponding overall rate kinetic constants became minimal. . Data were calculated using Equation (2) and the corresponding Avrami parameters (Table 2 and Reference [27] ). The changes observed in the activation energy and frequency factor may suggest that nanoconfinement in intercalated structures favored the polycondensation reaction and reduced molecular mobility. It should be emphasized that activation energy did not decrease when nanoconfinement was loosened (i.e. when an exfoliated structure was attained). In this case, the exfoliated layers hindered the chain mobility and reduced again the frequency factor of the condensation reaction.
3.4.
Isothermal crystallization kinetics of poly(glc-alt-amh) and its C20A and C30B nanocomposites from FTIR analyses FTIR is highly sensitive to molecular conformation and packing density, hence its usefulness in polymer crystallization studies. Characteristic bands can be correlated to the crystalline and amorphous phases of the bulk and typically remain distinguishable over the course of crystallization. Isothermal studies are preferred to avoid shape and intensity susceptibility of FTIR bands with temperature. FTIR spectra of poly(glc-alt-amh) showed that 3298, 1653, 1419 and 1166 cm -1 bandswere characteristic of the crystalline phase. Thus, these bands appeared and their absorbance gradually increased during the isothermal crystallization of samples rapidly cooled to the selected temperature from the melt (amorphous) state. The continuous evolution of these absorption bands is shown in Figure 11a for the C20A nanocomposite at a representative crystallization temperature of 135ºC. The time evolution of the relative degree of crystallization, &(t), was evaluated similarly to that of the degree of conversion (i.e. changing $(t) by &(t) in Equations (1) and (2)). Figure 11b shows that the four selected bands exhibit a similar behavior for a given crystallization temperature. Thus, in all cases the maximum crystallinity change was detected at a similar time. However, absorbance measurements seemed more accurate when the signal corresponding to the Amide A (3298 cm -1 ) was considered. The establishment of stronger hydrogen bond interactions in the crystalline structure gave rise to a well defined band which, in addition, was not overlapped by other peaks. Time evolution of the relative crystallinity determined from absorbance measurements of the 3298 cm -1 FTIR band of the poly(glc-alt-amh)/ C30B nanocomposite (#) during isothermal crystallization at 140, 135 and 130ºC. For comparative purposes, the evolution for the poly (glc-alt-amh)/C20A nanocomposite (", dashed line) and the neat polymer at 135ºC is also shown (), dashed line). Figure 12 compares the evolution of the degree of crystallinity at different temperatures for the C30B nanocomposite, as well as the evolution of the neat polymer and its C30B and C20A nanocomposites at a representative temperature (135ºC). Note that the crystallization rate is clearly slower for the neat polymer.
Avrami plots (as shown in Figure 13 for the C30B nanocomposite) allowed determining an exponent close to 3, which is the theoretical value for heterogeneous nucleation and three-dimensional spherulitic growth. In the same way, the kinetic constant, k, was calculated from the deduced Z and n values. Table 2 compares the kinetic parameters of the three studied samples at a common temperature (135ºC). The Avrami exponents of the three samples were close enough to deduce that nucleation type and crystal dimensionality remained unaffected by the addition of clay particles. On the contrary, the incorporation of silicate layers with an intercalated structure clearly increased the overall rate kinetic constant. This effect was more pronounced with C20A clay, as shown in Table 2 . Note that the same trend was observed when the reciprocal of the half crystallization time, 1/% 1/2 , was considered.This good correlation with a direct experimental measurement may validate the Avrami analysis of the crystallization process.
3.5.
Optical microscopy studies on the isothermal crystallization of poly(glc-alt-amh) and its C20A and C30B nanocomposites The spherulites of the neat poly(ester amide) and its C20A and C30B nanocomposites had negative birefringence, as demonstrated by the position of the blue and yellow arms in the optical micrographs in the inset of Figure 14 . Different spherulitic morphologies were observed depending on the crystallization temperature and the addition of clay particles. Thus, the neat polymer gave rise to speckled, ringed and fibrilar spherulites at temperatures close to 125, 130 and 140ºC, respectively. The addition of a clay that rendered an exfoliated structure (i.e. C25A) favored the development of fibrilar textures [27] and hindered lamellar twisting, whereas the incorporation of clays associated with a final intercalated structure (i.e. C20A and C30B) led to the formation of speckled textures, as shown in Figure 14 . Nucleation density was higher for the nanocomposites derived from C20A and C30B (i.e. those with an intercalated structure), as deduced from the number of spherulites measured in the field of view of the optical microscope. At all temperatures, the nucleation density decreased in the order C20A > C30B > neat polymer, as shown in Figure 15a . The change in the primary nucleation was responsible for the difference in overall crystallization rates between the neat polymer and C20A and C30B nanocomposites found by FTIR. The incorporation of a clay that favors an intercalated structure increased the nucleation density. In fact, the experimental data indicate that the effect was more pronounced with the addition of C20A clay. It should be pointed out that the crystallization of the C25A nanocomposite was previously studied and that a lower nucleation density was derived for this sample with an exfoliated silicate structure [27] . Furthermore, the overall crystallization rate decreased when this clay was incorporated. The spherulic radial growth rates (G) of the neat sample and its C20A and C30B nanocomposites were determined with the evolution of the spherulite Figure 13 . Avrami plot considering FTIR data (3298 cm -1 band) for isothermal crystallization of the neat poly(ester amide) ()) and its C20A (") and C30B (#) nanocomposites at 135ºC radius versus time. It is worth pointing out that a linear increase in the spherulite radius was always found, suggesting that clay particles were not segregated during spherulite growth. Data for crystallization temperatures of 125, 130 and 140ºC (Figure 15b) showed that the growth rate of the two nanocomposites was similar although a slightly lower value was found for C30B. Differences were more significant at a high crystallization temperature (e.g. 140ºC), with measurements clearly indicating that the incorporation of clay particles reduced the spherulitic growth rate (i.e. 0.015 µm/s versus 0.014-0.013 µm/s). Note that the overall crystallization process did not decelerate with the addition of clay particles since the accelerative effect caused by the increase in the primary nucleation density was more significant than the decrease in the crystal growth rate. In summary, silicate particles acted as effective nucleating agents at low degrees of compatibility, a result that contrasts with the observations on the exfoliated structure (i.e. when the organo-modified clay becomes highly miscible with the polymer matrix) which indicated a decrease on the primary nucleation. In all cases, the addition of clay particles slightly reduced the radial growth rate since both secondary nucleation and molecular transport may be influenced by the presence of nanoparticles.
Conclusions
Nanocomposites constituted by a poly(ester amide) matrix and C20A or C30B organo-modified clays were obtained by in situ polymerization of sodium chloroacetylaminohexanoate. They showed an intercalated silicate structure, as determined by Xray diffraction and transmission electron microscopy. The polymerization kinetics under both non-isothermal and isothermal conditions was quite similar after the incorporation of the two clays. However, great differences were found with the polymerization of the neat monomer. The temperature dependence of the polymerization kinetic constant allowed inferring the activation energies and preexponential frequency factors, which were lower when polymerization was performed in the presence of clay particles. Nanoconfinement in the intercalated silicate galleries may favor the occurrence of polycondensation reactions and reduce the corresponding activation energy. This confinement should logically result in decreased chain mobility and consequently lower frequency factor. Optical microscopy and FTIR studies revealed that the crystallization rate of the nanocomposites increased due to the nucleation effect of clay particles. On the contrary, spherulitic crystal growth was slightly hindered when particles were added. Spherulites always showed negative birefringence but their texture was influenced by the incorporation of clay and obviously by the crystallization temperature.
